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ABSTRACT
A petrographic study was made of lithogenetic units 
delineated in an Allegheny Pennsylvanian deltaic sequence 
near Ashland, Kentucky. Environmental inferences were 
made (Whaley, 1968) on the basis of textures, structures, 
and the spatial arrangement of lithic units, which were 
well exposed in extensive roadcuts. The thesis of this 
study is that if environmental units can be differentiated 
on the basis of the fundamental rock attribute, texture, 
and to a lesser extent, on structure, which is a derived 
attribute, then differences in mineral composition, 
Krynine's (1948) other fundamental rock attribute, must 
necessarily exist.
Seven environmental units (channel, distributary 
bar, bar/channel complex, natural levee, crevasse, and a 
crevasse/very silty bay complex) within this deltaic 
sequence were studied with respect to frequency of seven 
mineral types (quartz, feldspar, micaceous rock fragments, 
sedimentary rock fragments, micaceous matrix, clay matrix, 
and "others"). Significant differences in proportions of 
mineral types, i.e., quartz, micaceous rock fragments, 
micaceous matrix, and clay matrix, were present among all 
environments, except for distributary bars and bar/channel 
complexes.
vii
Analysis of frequency of the four framework 
mineral types {quartz, feldspar, micaceous rock fragments, 
sedimentary rock fragments) within six size categories 
{greater than 2 J2f, 2-3 0, 3-4 0, 4-5 0, 5-6 0, finer than 6 0) 
indicated that quartz was the only framework mineral type 
for which there was significant variation among environments 
for frequencies within specific sizes. But the significant 
differences were between environmental groups of similar 
grain size: bay fills were different from all other
environments, taken collectively, and bars, bar/channel 
complexes, and channels, taken collectively, were 
significantly different from levees, and crevasses, and a 
crevasse/silty bay complex.
Petrographic size analysis is no more useful than 
hand specimen textural analysis in detecting differences 
among groups of environments. Petrographic mineral 
composition frequency analysis, however, provides a fairly 
effective means of detecting differences between environmental 
groups, and, more importantly, of detecting differences 
between specific environments within groups.
INTRODUCTION
Distinguishing depositional environments and 
defining their attributes is an area of major concern in 
the study of Recent and ancient sedimentary sequences. 
Traditional approaches in the study have been based mainly 
on textural parameters (Friedman, 1961; Spender, 1963), 
geometric shape (Fish, et al., 1964), spatial relationships 
(Ferm and Williams, 1963; Whaley, 1968), and sedimentary 
structures of the depositional units (Coleman and Gagliano, 
1964, 1965; Coleman, Gagliano and Webb, 1964).
Some of these approaches require knowledge of the 
geographic or paleogeographic setting (in the Recent and 
in ancient rocks, respectively) or vertical relationships, 
continuous exposures, trenches or cores, a low degree of 
sediment consolidation, or a degree of lateral control 
sufficient for the level of lithic variability. Generally, 
those needing the least information, often in the form of 
small samples, lead to uncertain results. Whatever else 
is true, more criteria are needed to define characteristics 
of depositional settings.
Krynine (1941, 1943, 1948), although not 
emphasizing environmental aspects, looked at rock 
properties in a different light. He felt that rocks, 
which are aggregates of minerals, can be reduced to two
1
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fundamental attributes, texture and mineral composition, 
and that all other rock characteristics are a function of 
them. Furthermore, he believed that these two basic 
properties reflect both tectonic setting and depositional 
environment. He relegated sedimentary structures to a 
secondary role of manifestations of differences in texture 
and composition although reflecting to a large degree the 
last imprint of the depositional process.
Textures have been used since the days of Udden 
(1898) as environmental indicators, but results are often 
inconclusive in ancient rocks. Workers in ancient rocks 
are particularly handicapped by diagenetic changes in 
particles finer than silt size (6.5 0 to 14 0 range). These 
particles have often been thoroughly aggregated and are 
no longer distinguishable under the petrographic micro­
scope as individual grains. In such instances, particles 
of this size range with critical environmental implications 
can only be lumped into a "matrix" category.
Bulk mineral composition, although often included 
in petrographic descriptions, has rarely been used as an 
environmental indicator. However, Ferm (1960) and 
Williams (1962) believed that various environments within 
the deltaic plain could be distinguished on the basis 
of relative quartz content; and Berg and Davies (1968) 
claimed similar results in barrier beach rocks of the Big 
Muddy Oil Field.
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It is the objective of this study to determine 
whether the use of bulk mineral composition considered 
independently from texture and structure can lead to 
precise environmental delineation. The problem in the 
area selected for study is one of distinguishing deltaic 
depositional environments in a very restricted areal 
and stratigraphic setting and also of defining their 
mineralogical attributes.
A deltaic environment and a stratigraphic 
framework for the rocks in the study area were established 
by Webb (1963). Whaley (1968) selected a much smaller 
portion of the same area and measured and described 
virtually every available outcrop. He accumulated a 
considerable amount of lithostratigraphic information, 
and by using road cuts, which revealed the shapes and 
spatial arrangements of the lithic units, Whaley was 
able to distinguish distributary mouth bars, a natural 
levee, interdistributary bays, and other environments 
within the deltaic sequence. Whaley also defined the 
characteristic sedimentary structures and textural 
attributes of these environments.
During the summers of 1966 and 1967 all of 
Whaley's exposures were restudied by the writer and the 
best outcrops of each environment were sampled. Thin 
sections were prepared from the samples for the determina­
tion of mineral composition and grain size. Point-count
4
microscopic traversing provided precise estimates of 
composition and grain size. All data were analyzed 
using the analysis-of-variance technique to determine 
whether significant differences in composition and grain 
size existed among lithogenetic units.
THE STUDY AREA AND METHOD OF MEASUREMENT
Description of Area
The area studied is located on the outcrop of 
the Middle-Pennsylvanian Allegheny Formation at the 
southwestern end of the Pittsburgh-Huntington synclinorium 
(See Fig. 1). The best exposures in the area occur in 
the valley of the Ohio River approximately ten miles 
below the confluence of the Ohio with the Big Sandy River 
near Ashland, Kentucky. A second area of excellent exposures 
occurs near Kilgore, Kentucky, approximately fifteen miles 
southwest of Ashland at the intersection of U.S. Route 60 
and U.S. Interstate 1-64 as seen in Fig. 2. Many smaller 
but just as excellent outcrops occur between these two 
areas from which samples were taken. The stratigraphic 
nomenclature of the Allegheny Pennsylvanian rocks in the 
vicinity of Ashland, Kentucky, is shown in Fig. 3.
The stratigraphic interval from which samples 
were collected lies between the Princess #5 Coal bed and 
the Vanport Limestone or marine shale. The thickness of 
this interval in measured sections varies from a few 
inches to 52 feet, and in most places can be distinguished 
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Figure 1. Outcrop area of Middle-Pennsylvanian Formation 
shown in black (modified from Whaley, 1968).
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Figure 3. Stratigraphic nomenclature of the Allegheny 
Pennsylvanian rocks in the vicinity of 
Ashland, Kentucky.
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of fossiliferous biomicrite or by marine fossils indicative 
of the Vanport Limestone stratigraphic position. The 
interval is comprised mainly of siItstone with lesser 
amounts of sandstone, shale, coal, limestone, and 
sideritic ironstone.
Environmental units inferred from different kinds 
of detrital rocks were identified by Whaley (1968) and 
include distributary channels, undifferentiated thick 
distributary bar/channel complexes, distributary mouth 
bars, natural levee, crevasse, bay fills, and fine­
grained channel fill. Whaley's (196 8) criteria for 
identifying all of these environments except for channels 
and fine-grained channel fill are listed in Table I.
Volumetrically smaller components, such as coal beds, 
limestones, clay shales, and the siliceous siltstones 
were considered by Whaley (196 8) , as indicative of swamps 
and marshes, marine muddy bay fills, fine-grained channel 
fills, and marine silty bay fills, respectively. These 
components comprise a very small proportion of the total 
rock body and were not included in the present study.
Sampling Plan and Measurement Procedures
From the numerous exposures in which particular 
lithogenetic units were clearly recognizable, at least 
two of the best exposures representative of each 
environment were selected for analysis except for the
LITHO- GENETIC UNITS
Bay fills Crevasse Bar/channel Levee Distributarybar
Fine grained 
channel fills
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natural levee lithogenetic unit which was present at only 
one locality. Multiple samples were taken from most 
localities. Most samples were arbitrarily selected from 
typical exposures of each lithogenetic unit. Line 
drawings of selected outcrops in the study area, modified 
from Whaley (1968), and measured sections are shown in 
Appendix X and sample locations are indicated.
Specimens collected in the field were thin 
sectioned for analysis of mineral composition and 
measurement of grain size. The distinguishable mineral 
components were first determined by running microscopic 
traverses over a number of slides showing obvious variability. 
Photomicrographs were made of each different type of 
mineral grain identified, and these photographs were then 
grouped into classes based on comparisons of the same 
type of grain seen in differing orientations, degrees of 
polycrystallinity and type of twinning. Rock fragments 
were classed according to variation in the proportion of 
minerals present. This system of classification yielded 
six major classes which are defined in Table II and 
illustrated on Plates I, II and III.
Estimating proportions of each of these mineral 
classes in thin sections was preceeded by uniformity 
trials to determine whether a 200- or 100-grain count was 
necessary to comprise the estimate. For this test ten thin 










DESCRIPTION OF MINERAL TYPES
I. Quartz
Single extinction units common, chert uncommon, 
Polycrystalline quartz of two types —  distinct 
"metamorphic" with equant/elongate grains, 
with or without mica, commonly oriented.
II. Feldspar
Potassium feldspar stained yellow mostly un­
twinned, plagioclase rare, usually with albite 
twinning.
III. Micaceous Rock Fragments
Distinct rock fragments comprised of single 
or polycrystalline grains of muscovite, 
biotite or chlorite.
IV. Sedimentary Rock Fragments
Distinct rock fragments of clay, generally 
straw or gray colored, includes silty clay rock 
fragments.
V. Micaceous Matrix
Finely divided micas of any type, generally 
muscovite, with birefringence greater than 
straw yellow and flake or shred size greater 
than that of clay.
VI. Clay Matrix
Gray or yellowish shreds or flakes, includes 
wormy gray flakes.
VII. "Others"
Most commonly limonite alteration of Fe-rich 
micas, rarely authgenic siderite, rarely heavy 
minerals, rarely cements, generally calcite, 
but also silica.
PLATE I
Monocrystalline quartz grain, plagioclase 
feldspar grain. Crossed nicols. 25x. 
T.S. Y-D2.
Two ntetamorphic polycrystalline quartz grains. 
Crossed nicols. 25x. T.S. B5A.
Metamorphic polycrystalline quartz grain with 
mica. Crossed nicols. 25x. T.S. 21p-E.
"Other" type polycrystalline quartz grain 
partially shown. Crossed nicols. lOx. T.S. 29
Potassium feldspar grain, stained yellow [see 
arrow]. Plain light. 25x. T.S. Y-D2.




Monocrystalline muscovite rock fragment 
Crossed nicols. 25x. T.S. 29-F.
Monocrystalline biotite rock fragment. 
Crossed nicols. lOx. T.S. IE-1.
Monocrystalline chlorite rock fragment. 
Plain light. 25x. T.S. IE-1.
Polycrystalline muscovite rock fragment 
Crossed nicols. 25x. T.S. 21p-E.
Finer-grained polycrystalline muscovite 
rock fragments. Crossed nicols. 25x. 
T.S. 21p-E.
Clay shale sedimentary rock fragment. 
Crossed nicols. 25x. T.S. IE-1.
16
PLATE III
A. Silty clay shale sedimentary rock fragment. 
Crossed nicols. 25x. T.S. 21p-E.
B. Finely divided mica [see arrow no. 11 and 
clay matrix [see arrow no. 2]. Crossed 
nicols. 25x. T.S. SLOT.
C. Monocrystalline biotite rock fragment; 
polycry3talline muscovite rock fragment. 
Crossed nicols. 25x. T.S. i e-1.
D. Limonite (opaque) and calcite replacement. 
Plain light. 25x. T.S. IE-1.
E. Anthigenic siderite and monocrystalline 
quartz grains. Crossed nicols. 25x.
T.S. IE-1.
F. Clay matrix plus metamorphic polycrystalline 
and monocrystalline quartz. 25x. T.S. Y-D2.
18
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randomly selected 100-count traverses per thin-section. 
Points were spaced equidistantly on traverses, with an 
interval between points larger than the longest grain in 
the rocks, and large enough to insure that at least four 
uniformly spaced traverses could be obtained on every 
rock slice. Chi-square tests run on these ten randomly 
selected thin sections showed no statistically significant 
difference in frequency of mineral types between counts 
of the first and second traverses (See Appendix II). 
Consequently, a 100-count traverse was arbitrarily 
selected in analyzing the remainder of the thin sections; 
and,no attempt was made to determine the minimum number 
of counts necessary to effect no significant difference 
between two independent, equal-number traverses. The 
results of all point counts listed by lithogenetic unit, 
Whaley's (1968) outcrop number as shown in Fig. 1, and by 
thin section number are shown in Appendix III.
Measurements of grain size were made on each 
grain for which mineral composition was determined. The 
maximum dimension of grains, measured at right angles to 
the fragment's long axis, was selected as the index of 
size. These measurements were grouped into half-phi 
intervals ranging from 0 phi (1 mm), the size of the 
largest grain encountered, down to 6.5 phi (.007 mm).
These size data were subsequently grouped into full phi 
categories for purposes of analysis. All clay and finely
20
divided mica matrix were lumped into an additional size 
category termed "matrix" which included sizes from 
6.5 jf - 14 pr. The results of these measurements are 
shown in Appendix III.
ANALYSIS OP MINERAL COMPOSITION
The first step (see Appendix IV for schematic 
diagram of logic process and outcomes of statistical 
tests) in determining whether mineral composition comprises 
a valid criterion for environmental delineation is a 
simple factorial analysis consisting of seven mineral 
components (quartz, feldspar, micaceous rock fragments, 
sedimentary rock fragments, micaceous matrix, clay matrix 
and "others") and seven environmental units (channel, bar, 
bar/channel complex, levee, crevasse, a crevasse/very 
silty bay complex and bay fill) as the main factors, and 
the interaction between the two. The results of this 
analysis are shown in Table III below:
TABLE III
ANOV TABLE - TEST FOR DIFFERENCES IN FREQUENCY AMONG 







Mineral Types 6 6524.75**
Environmental Units 6 3.43
Interaction 36 273.67**
Error 202 93.08




highly significant F when compared
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In this analysis , the main factors —  mineral 
types and environmental units —  contribute very little 
information. This is because the frequencies of the 
various mineral types would naturally be expected to 
differ and frequency differences between environment could 
not differ because the frequencies within environments 
(average 100 counts in each) were determined by 
experimental design. However, the interaction shows that 
mineral proportions vary significantly among lithogenetic 
units. Some notion of the amount of variation is shown 
in Table IV, and in Figures 4 and 5, which indicate mean 
frequencies of mineral types associated with environmental 
units.
In order to determine exactly which of these 
mineral types differ among environments, comparisons were 
made in which the environments were compared with respect 
to frequency of each mineral type. It was predictable 
intuitively that quartz and matrix types would be most 
variable, and the outcomes of these tests are shown in 
Table V.
The results of these tests in which environments 
are compared with the mean of all environments for that 
mineral type indicate that four mineral types - namely, 
quartz, feldspar, micaceous rock fragments, and micaceous 
matrix - display significant differences in frequency 
among environments. Quartz in most sediments occurs in 
sand and coarse silt size, whereas "matrix" is by
TABLE IV
LEAST SQUARES ADJUSTED MEAN FREQUENCIES IN MINERAL TYPES AND ENVIRONMENTS, CORRECTED FOR 
UNEQUAL NUMBERS OF SAMPLES (THIN SECTIONS) WITHIN ENVIRONMENTS. (BASED ON 40 THIN SECTIONS.)






















33.50 66.00 55.42 47.25 39.83 29.37 33.16 43.50
Feldspar
(II)












19.25 4.00 9.71 12.75 12.83 . 20.62 18.83 14,00
Clay Matrix 
(VI)
29.50 17.75 13.28 15.00 14.66 26.12 18.16 19.21
"Others"
(VII)
7.00 1.75 9.75 10.75 16.50 11.75 5.66 9,02
Total Means for 
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ANOV TABLE - TEST FOR FREQUENCY DIFFERENCES 














6 12.02*Error 27 4.62

























* (P < 0.05) indicates significant F when compared with 
error term.
** (P < 0.01) indicates highly significant F when compared 
with error term.
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definition finer than 6.5 0. Thus, the coarser-grained 
deposits, such as channels, bars, and bar/channel 
complexes may be expected, on the basis of grain size alone 
to be more quartzose than the finer-grained crevasse and 
levee deposits taken as group, and coarser than the bay 
fill deposits.
Further testing was done in the form of orthogonal 
comparisons between environments for every mineral type.
The results indicated in Table V suggest that four minerals 
are the major source of variation, but there is no indication 
as to how the distribution of each mineral type varies 
between environments. Orthogonal comparisons test for 
differences among environments, considered individually 
or collectively, for frequencies of a particular mineral 
type.
Weighted mean frequencies of each mineral type in 
each environment are shown in Table IV and in Figures 3 and 
4, and the outcomes of the statistical comparisons 
among environments are indicated in Table VI. Samples of 
the bay fill environment differ from all other environments 
in having less quartz and more clay and micaceous matrix 
than the average of all others, which is to be expected of 
areas far removed from influx of coarse detritus.
Similarly, the coarser-grained channels, bars, and bar/channel 
complex deposits contain more quartz and less micaceous
TABLE VI
ORTHOGONAL COMPARISONS BETWEEN ENVIRONMENTS FOR EACH MINERAL TYPE












Bay fill vs. all 
other units (1) 1 1709.08** 19.48 3.91 5.64 375.46* 407.88* 61.63
Channels, Bar/channel 
complex and Bars vs. 
Levee, Crevasse, and 
Crevasse/very silty 
bay complex (2) 1 3152.95** 38.59 388.15* 1.49 487.60* 214.40 34.88
Channels vs. Bar/channel 
complex and Bars 1 617.20* 5.57 93.34 0.07 150.18 36.60 189.55
Bars vs. Bar/channel 
complex 1 170.21 0.21 2.39 12.79 23.44 6.97 1.16
Crevasse/very silty bay 
coup lex vs. Levee and 
Crevasse 1 45.21 4.23 377.97* 0.14 28.76 54.03 134.89
Levee vs. Crevasse 1 96.23 6.42 1.99 5.64 98.80 526.41* 213.97
*(P < 0.05) indicates 
**£P < 0.01) indicates 
error term.
significant F when compared with error term, 
highly significant F when compared with (1)
(2)
Finest grain size rock type vs. 
all other rock types.
Coarsest vs. finer grain size 
rock types.
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rock fragments and micaceous matrix than the finer-grained 
levee and crevasse deposits. Furthermore, channels con­
tain more quartz than bars and bar/channel complexes, and 
levees seem to contain more clay matrix than do crevasses. 
Thus, all environments save bar/channel complexes and bars 
show statistically significant differences in bulk mineral 
composition, but the differences in mineral composition in 
this suite of rocks are in part associated with variations 
in grain size.
ANALYSIS OP GRAIN SIZE
Since the analysis has shown that specific 
environments within the delta complex display statistically 
significant differences in proportions of bulk minerals 
present, and since part of these mineralogical 
differences are attributable to variation in grain size, 
the question then arises as to whether the complex 
measurements of mineral composition are really any more 
effective than size measurements. In order to explore 
this question, the size data for each of the framework 
mineral types (quartz, feldspar, micaceous rock fragments, 
and sedimentary rock fragments) were grouped by 
environmental units and a two-way factorial analysis was 
made in which size and environments were the main factors. 
The results of these tests, shown in Table VII, indicate 
that quartz is the only mineral which displays significant 
size differences between environments and further 
testing was confined to this single mineral. The weighted 
mean frequencies of quartz within size categories are 
shown in Table VIII and Figures 6 and 7.
A second analysis consisted of comparing 
environments for size frequency of quartz within size 




ANOV TABLE - TEST FOR DIFFERENCES IN 
FREQUENCY OF EACH FRAMEWORK MINERAL 
TYPE AMONG ENVIRONMENTS AND SIZE, AND 
TEST FOR INTERACTION.
Degrees of Mean












Environmental Units 6 0.40
Interaction 15 1.68
Error 45 2.03




Environmental Units 6 12.14
Interaction 16 9.18
Error 62 10.96




Environmental Units 6 1.49
interaction 8 0.95
Error 27 1.05
** (P < 0.01) indicates highly significant F when compared 
with error term.
TABLE VIII
LEASE SQUARES ADJUSTED MEAN QUARTZ FREQUENCIES FOR ENVIRONMENT AND SIZE^ CORRECTED FOR UNEQUAL 
NUMBERS OF SAMPLES (THIN SECTIONS) WITHIN ENVIRONMENTS. (BASED ON 40 THIN SECTIONS.)
GRAIN SIZE LITHOGENETIC UNIT
















2 phi (2) 2.00 7.66 14.33 7.33 --- 1.00 6.25
2-3 phi (3) 16.00 34.50 24.42 31.33 13.00 1.66 1.00 17.41
3-4 phi (4) 12.75 13.75 15.14 14.00 19.66 18.20 10.20 14.81
4-5 phi (5) 10.00 3.66 2.28 3.00 9.83 14.28 14.28 9.19
5-6 phi (6) 7.33 1.00 2.00 3.50 4.00 4.85 7.00 4.24
Finer than 
6 phi (13) 3.00 1.00 1.66 5.00 3.62
Means for 





















Figure 6. Plot of least squares adjusted mean size 
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2 phi, 2-3 phi, 3-4 phi, 4-5 phi, 5-6 phi, and finer than 
6 phi categories. The results of these tests, shown in 
Table IX, indicate that only in the 2-3 phi and 4-5 phi 
sizes are there any significant differences in frequency 
among environments.
Exactly where the environmental differences occur 
was . determined by making orthogonal comparisons between 
specific environments within all size classes. The 
results of these tests, indicated in Table X, along with 
the weighted quartz size frequency distribution data shown 
in Table VIII, and in Figures 6 and 7, corroborate the 
assumption that grain size is one of the main factors 
affecting the results of the mineral composition analysis. 
The finer-grained bay fill environment has a low overall 
quartz frequency with the distribution of quartz being 
concentrated in the finer grain sizes, and also contains 
a large amount matrix material. In addition, the 
relatively quartz-rich channel, bar, and bar/channel 
environments contain significantly more coarse-grained 
quartz than the levee, crevasse, and crevasse/very silty 
bay complex. However, differentiation of specific 
environments within the coarser- and finer-grained 
environmental groups is clearly not effective using total- 
quartz size-frequency distribution. Thus, there is no 
significant difference in quartz-size distribution among 
channels, bars, and bar/channel complexes, nor between the
36
TABLE IX
ANOV TABLE - TEST FOR QUARTZ FREQUENCY DIFFERENCES 






Total quartz coarser than 2 phi 13
Between Environments 4 73.19
Error 9 72.51
Total quartz in size 2-3 phi 22
Between Environments 6 488.73**
Error 16 100.25
Total quartz in size 3-4 phi 34
Between Environments 6 54.57
Error 28 80.11
Total quartz in size 4-5 phi 36
Between Environments 6 151.35*
Error 30 49.85
Total quartz in size 5-6 phi 26
Between Environments 6 17.77
Error 20 8.10
Total quartz finer than 6 phi 5
Between Environments 3 3.55
Error 2 1.33
* (P < 0.05) indicates significant F when compared with 
error term.
**(P < 0.01) indicates highly significant F when compared 
with error term.
TABLE X
ORTHOGONAL COMPARISONS BETWEEN ENVIRONMENTS FOR QUARTZ IN EACH SIZE CATEGORY
ORTHOGONAL DEGREE OF MEAN SQUARES
COMPARISONS FREEDOM Coarser 
than 2 phi 2-3 phi 3-4 phi 4-5 phi 5-6 phi
Finer 
than 6 phi
Bay fill vs, all
other units (1) 1 811.72** 65.69 279.22* 2.56
Channels, Bar/channel 
complex, and Bars vs. 
Levee, Crevasse and 
Crevasse/very silty 
hay coup lex (2) 1 1220.17** 0.03 486.26** 67.21
Channels vs. Bar/channel 
complex and Bars 1 21.64 118.68 1.60 2.31 4.32
Bar vs. Bar/channel 
complex 1 96.68 100.11 3.20 1.06 2.69
Crevasse/very silty 
bay complex vs. Levee 
and Crevasse 1 138.85 116.96 77.26 5.68
Levee vs. Crevasse 1 7.13 112.95 0.06 19.04
* (P < 0.05) indicates significant F when compared with (1) 
error term.
** (P < 0.01) indicates highly significant F when compared (2) 
with, error term.
Finest grain size vs. all other rock 
types.
Coarsest vs. finer grain size rock 
types.
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crevasse/very silty bay complex when compared with the levee 
and crevasse environments, collectively, nor between the 
levee and crevasse environments when compared individually.
DISCUSSION
The depositional setting of the suite of rocks 
examined in the present study had been previously establish­
ed on the basis of hand-specimen textures and sedimentary 
structures. It was expected that proportions of mineral 
types would vary among the lithogenetic units, and 
subsequent statistical testing in this study has indicated 
this is true for groups of similar environments and for 
specific environments within groups. Size frequencies of 
quartz, which was the only framework mineral type to show 
significant variation among environments, varied only among 
groups of similar environments.
Because proportions of mineral types and size 
frequencies as determined by thin section do vary 
significantly among environments, it is possible to see if 
these findings are in accord with what is known of these 
attributes in active deltas. This provides a means of 
confirming the paleo-environmental inferences made with 
respect to the lithogenetic units studied.
One of the most obvious characteristics of these 
rocks is the relatively coarse grain size and higher 
quartz content of the channel, bar, and bar/channel complex 
environments. In recent deltas, these environments are
39
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characterized by relatively high energy hydraulic activity 
and coarser-grained detritus (Coleman, et al., 1969).
Given the known tendency for concentration of quartz in 
sand sizes, it is predictable that these sites would 
also be more quartzose than adjoining crevasses, levees, 
and bays.
Likewise, these latter sites are much less subject 
to reworking and the higher proportions of fragile micaceous 
rock fragments within these deposits probably reflect this. 
A similar reflection of energy level is the high micaceous 
and clay matrix content within the bay fills.
Among the high energy environments, the only clear 
cut distinction in mineral composition is the relatively 
high quartz content of the channel sand3 relative to those 
of the bars and channel/bar complexes. Although there are 
no data on recent sediments from which a direct analogy can 
be drawn, it does seem reasonable that the reworking of 
coarser detritus as it is continuously shifted downstream 
would tend to increase quartz content slightly as compared 
with bar sediments which are essentially dropped on the 
periphery of the dispersing distributary jet.
Among the deposits directly adjoining the high 
energy channel and bar areas, the higher content of 
micaceous rock fragments in the crevasse/very silty bay 
complex relative to the levee and crevasse environments 
possibly reflects local reworking of the latter, whereas 
sediments in immediately adjacent backwater areas undergo 
little reworking. Finally, the higher clay content in
41
levees relative to crevasses is also probably the result 
of energy level and mode of deposition. In crevasses, 
current flow is confined to a small area and clays are 
easily separated from coarser detritus, whereas in a levee, 
sheet flow-type currents would be of a lower energy level 
and would presumably be less effective as a separation 
mechanism.
In the suite of rocks studied the differences in 
composition are essentially differences in the proportion 
of quartz and the matrix mineral types and in this essentially 
two component mineralogical system mineral types are 
restricted to occurrence in certain size categories.
Sediment grain size and mineral composition, therefore, 
are inextricably related attributes and it is impossible 
to consider either one of these attributes as independent 
of the other.
CONCLUSIONS
In terras of differentiating groups of physically 
similar environments in this delta setting, the criterion 
of variation in mineral frequency is largely a function 
of grain size of the depositional unit. This attribute 
can be determined as accurately in hand specimens as with 
a microscope (unreported aspect of this study - analysis-of- 
variance of environments and grain size). However, 
differences can be recognized by differences in bulk 
mineralogy. Quartz seems to be critical in distinguishing 
channels from bars and bar/channel complexes, taken 
collectively, and micaceous rock fragments and clay matrix 
content is critical in distinguishing the levee from the 
crevasse environment. These mineralogical differences 
can be attributed to sedimentary processes known from studies 
of modern deltas.
Differences in bulk mineral composition recognized 
among inferred depositional environments has, for the most 
part, confirmed the lithogenetic distinctions established 
independently by Whaley (196 8) using sedimentary structures 
and hand-specimen grain size. Grain size distribution 
of the primary framework mineral component, i.e., quartz 
is less effective in recognizing differences among
42
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environments and provides no information that cannot be 
determined from hand specimen inspection of textures.
The somewhat cumbersome analysis-of-variance 
procedure was successfully employed to test for significant 
differences of the variables, quartz size and bulk mineral 
composition, among lithogenetic units. Although analysis- 
of-variance is not a classificatory procedure, it can be 
used to assess the validity of a classificatory scheme such 
as was done with Whaley's lithogenetic classification in 
this study.
Use of a multivariate technique such as a 
discriminant function would be useful as a logical extension 
of the present study. Once the criterion which is used to 
distinguish lithogenetic units is proved to be legitimate, 
this criterion, namely, mineral frequency, can be used 
to generate a discriminant function, whereby samples of 
unknown origin could be assigned to lithogenetic units 
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APPENDIX II
Chi-Square Test to See if Point Count Traverses 
of 100 Observations Provided a Satisfactory 
Estimate of Mineralogy
62
This analysis was performed to see if mineral 
types identified on one 100-point traverse would yield an 
accurate estimate of the proportions of various mineral 
types present in a thin section. To see if 100 counts 
provided a satisfactory estimate, ten thin sections were 
randomly selected and seven mineral types were counted in 
two separate 100-point traverses. Each traverse covered 
the entire thin section, and each had a randomly selected 
starting point. Each of the ten thin sections were tested 
for differences in frequency of occurrence and second point 
count traverses. The Chi-square test results are shown 
below:
Thin Section
Degrees of Freedom 
Among Mineral Types Calculated x2
26-C 4 13.30 8**Y-C 2 0.632
S/G-2 5 2.426






**indicates highly significant difference.
As shown in the above table, only one out of the ten thin 
sections showed a difference in proportion of mineral types 
between point count traverses, and this one difference could 
be due to random variation within the population of mineral 
grains in the thin section.
APPENDIX III
Thin Section Grain Size and 
Mineral Composition Data; 
Listed by Environment, 
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BEGIN FREQUENCY ANALYSIS HERE
FACTORIAL ANALYSIS 
On environments and mineral types
No differences in frequency 
among envts. and mineral 
types, and no interactionT T
ENVTS. MIN.TYPES INTERACTION
CSTOP)" ^ ^  (*)
COMPLETELY RANDOMIZED DESIGN
On mineral types with environments as treatments 
Hq; No differences between environments within mineral types
FRAMEWORK MINERAL TYPES 
Type I Type II Type III Type IV 















H0t No difference between environments
Type I Type II Type III Type IV Type V Type VI 
Quartz Felspar Micac.RF Sed.RF Mica matr. Clay matr.
2 v* 3,4 7v* 1,53 vs 46 vs alloilion
B E G IN 'S IZ E ' A N A L Y S IS  HER E
F A C T O R IA L  A N A L Y S IS  -  OF EACH FRAMEWORK M IN E R A L  T Y P E  
E n v i r o n m e n t s  s  g r a i n  s i z e
H : N o  d i f f e r e n c e  b e t w e e n  e n v i r o n m e n t s  a n d  s i z e s ,
°  a n d  n o  i n t e r a c t i o n .
F e l s p a r
E n v t  S i z e  I n t e r ESI
S T O P K N S
M ic a c e o u s  I S e d i m e n t .  
R o c k  F r a g s . I  R o c k  F r a g s ,
ESI
I topK n s )  ( stopX ns)  CstoT K n s
ESI
CO M PLETELY R A N D O M IZED  D E S IG N  -  QUARTZ ONLY  
O n  s i z e s  w i t h  e n v i r o n m e n t s  a s  t r e a t m e n t s
H q : N o  d i f f e r e n c e  am o n g  e n v i r o n m e n t s  w i t h i n  s i z e s
S i z e  2 S i z e  3  S i z e  4  S i z e  5  S i z e  6  S i z e  1 3
> 2 0  2 - 3  0  3 - 4  0  4 - 5  0  5 - 6  0  < 6  0
ORTHOGONAL COM PARISO NS
H Q : N o  d i f f e r e n c e s  b e t w e e n  e n v i r o n m e n t s  c o m p a re d  
} 2  0  2 - 3  0  3 - 4  0  4 - 5  0  5 - 6  0  < 6  0
topH n s /  ( s t o p K n s
6 vs a 2 vs 3,4 7  vs 1,53 vs 4others
o
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